This work presents a 1D simulation of light J-V characteristics of a GaP/ Si heterojunction thin film solar cell on glass substrate. The device is composed of a GaP/ Si n-p heterojunction, where the p-type Si layer serves as the absorber. A heavily doped p-type Si layer is used between the absorber and the substrate as a Back Surface Field (BSF) layer. The obtained results show slight improvement in shortcircuit current density (J sc ) and efficiency, compared to the present thin film poly-Si solar cells fabricated on glass substrate. At 1 sun, under AM1.5G, the open-circuit voltage (V oc ) and the short-circuit current density (J sc ) were obtained as 0.5582 V and 28.42 mA/cm 2 , respectively. With a fill factor of 0.8274, the efficiency was calculated as 13.83%. Afterwards, a number of thin film cell designs were proposed, with corresponding simulation outcomes. Besides this, saturation in short-circuit current density (J sc ) and open-circuit voltage (V oc ) with increasing absorber layer thickness was illustrated, in light of relevant simulation results.
INTRODUCTION

Research Outlines
Dual junction solar cells, using a top cell of GaP homojunction, and a bottom cell of Si homojuntion, has been developed with fairly high efficiency and improved performance in extended temperature range [1] . The drawback of multijunction photovoltaic cells is these cells are very costly, which inhibits their use in terrestrial applications [2] . The lattice mismatch between Si and GaP is very small (0.37%), which suggests that the epitaxial growth of GaP on Si can be accomplished with negligible amount of dislocation density and strain [3] . Considering these issues, this work proposes a solar cell involving a GaP/Si n-p heterojunction, where the n-type GaP layer serves as a window layer. Window layer should be a high bandgap material, so that it allows maximum number of photons to reach the absorber. Besides this, a high-bandgap window layer reduces the cell's series resistance, and improves the open-circuit voltage [4] . Moreover, using a window layer between the absorber and the metal contact reduces the recombination of minority carriers at the metal-semiconductor interface [5] .GaP has an indirect bandgap of 2.26 eV [6] , which makes it a good choice as a window for Si solar cells. In this work, the window layer has been kept very thin (10 nm) and heavily n-doped (10 18 cm -3 )for improved performance [7] [8] [9] . Critical layer thickness for epitaxial growth, with a lattice mismatch of 0.37%, is around 40 nm [10] . So, for the growth of a 10 nm GaP layer on Si, the issues of interface defects and strain can be ignored.
The absorber layer (p-type c-Si) plays the vital role in photon absorption and generation of electron-hole pairs. The doping concentration for the layer is kept at 10 16 cm -3 , while the layer thickness is taken as 2 μm. A thicker base can result in better absorption and performance, but this thickness value is chosen for a thin film cell design. A heavily doped (10 18 cm -3 ) p-type Si layer (1 μm) is used between the absorber and the glass substrate. This layer introduces a potential barrier to reduce surface recombination of minority carriers from the absorber at the semiconductor-glass interface [11] . Fig. 1 shows a schematic diagram of the device.
The reason behind choosing glass substrate is its low cost and high mechanical strength. One drawback of glass substrate is its low thermal stability, which is a bar to high-temperature growth of device layers. However, this problem can be solved by using borosilicate glass, which allows deposition at a temperature of around 1000° C, or even higher [12] .
About the software
All the simulations conducted for this work were done by Adept [13] . It is a 1D simulation tool, which was developed by Jeff Gray and Michael McLennan from Purdue University in 2008. This software can simulate the electrical characteristics of heterostructured semiconductor devices. It solves Poisson's equation, coupled with the hole and electron continuity equations in one spatial dimension for semiconductor devices. It was originally designed to model solar cells fabricated from a wide variety of materials. With this software, dark I-V characteristics, light I-V characteristics and spectral response of solar cells (or any other two-terminal device) can be obtained. Moreover, many internal parameters (carrier density, carrier velocity, electric field) can be plotted against device length. For simulating different device characteristics, values of required material parameters (band gap, mobility, thickness, doping level etc.) are given as inputs by the user. Devices, fabricated from a wide range of semiconducting materials, for which these parameters are known, can be modeled by the software.
METHODOLOGY
In order to conduct the simulations, values of different structural, electrical and optical properties of the layer materials were required. Basic parameters of Si (bandgap, lattice constant, infrared refractive index, dielectric constant etc.) were taken from [6] . Electron and hole mobility values of p-type Si, corresponding to the doping levels at the absorber and the BSF layer, were taken from [14] . Minority carrier lifetime in p-type Si (at these doping levels) was acquired from [15] . Absorption parameters for Si were calculated from the absorption coefficient graph for Si, obtained from [16] .
Values of basic parameters of GaP (bandgap, lattice constant, infrared refractive index, dielectric constant etc.) were taken from [6] . Minority carrier lifetime for heavily doped n-type GaP was also taken from [6] . The electron and hole mobility data for n-type GaP, with a doping density of 10 18 cm -3 , were taken from [17] . Values of different parameters are listed in table 1. Table 1 : Default values of device parameters AM1.5G solar spectrum was considered as the input irradiance in the simulation code, and a concentration level of 1 sun (no concentrator used) was taken. After conducting the simulation, light J-V characteristics curve was obtained, which gave the values of short circuit current density (J sc ) and open-circuit voltage (V oc ). Fill factor (FF) was calculated using equation (1), obtained from [18] . From figure 2 , the short circuit current density (J sc ) and the open-circuit voltage (V oc ) are obtained as 28.42 mA/ cm 2 and 0.5882 V, respectively. It is to be noted that this short-circuit current density is slightly higher, compared to the present polycrystalline and nanocrystalline Si thin film solar cells on glass substrate [19, 20] . With a fill factor of 0.8274, the efficiency was calculated as 13.83%. Compared to the above-mentioned solar cells, the efficiency is slightly improved [19, 20] . Now, a number of simulations were conducted for this particular device, with varying absorber layer thickness. The simulation outcomes are given in table 2.
As the rate of increase in cell efficiency drops at higher absorber thickness, simulations were not conducted for absorber thickness > 10 μm. The outcomes in table 2 give a number of thin film cell design options, each with considerably high efficiency. However, as the absorber becomes thicker, along with more efficient light absorption, electrical losses also increase in the solar cell. These two effects are contradictory, due to which the short-circuit current density (J sc ) tends to reach a saturation value at higher absorber thickness. This phenomenon, previously observed in [21] , is illustrated in figure 4 . Now, the work done in [21] suggests that the opencircuit voltage (V oc ) decreases with increasing absorber thickness. But the simulation results in table 2 show that the open-circuit voltage slightly increases with increasing absorber thickness, before it reaches saturation at higher absorber thickness values. This is illustrated in figure 5 . 
CONCLUSIONS
This work presents a novel design of a thin film solar cell that integrates Silicon and III-V technology. The outcomes show slight improvement in short-circuit current density and efficiency, compared tothin film poly-Si solar cells on glass substrate. Using lattice-matched, high bandgap III-V and II-VI compounds as a window layer to form heterojunction with Si can open a new horizon for highly efficient, temperaturestable thin film solar cells.
